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6HFWLRQ���

6KLIW�5HJLVWHUV
)LQLWH�6WDWH�0DFKLQHV��)60�
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6KLIW�5HJLVWHUV
� 6KLIW�5HJLVWHUV�DUH�D�
XVHIXO�SDUW�RI�GLJLWDO�
GHVLJQ�LQ�
± 6HULDO�WR�3DUDOOHO�
&RQYHUVLRQ�

± 3DWWHUQ�'HWHFWLRQ
± (OHPHQW�([WUDFWLRQ
± (WF�
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6KLIW�5HJLVWHUV�± 6HULDO�WR�3DUDOOHO
� 7KH�GDWD�LQSXW�VWUHDP�LV�
VFDODU����ELW��WKH�GDWD�
RXWSXW�VWUHDP�LV�DQ���ELW�
YHFWRU�

� 7KH�GDWD�RXWSXW�FORFN�
ZLOO�EH����WK WKH�VSHHG�RI�
WKH�LQSXW�FORFN�

PRGXOH�VHUWRSDU �'287�',1�,1&/.�287&/.�5(6(7��
LQSXW�',1��,1&/.��287&/.��5(6(7�
RXWSXW�>���@�'287�
UHJ >���@�'287��VKIWUHJ�

DOZD\V�#�SRVHGJH ,1&/.�RU�SRVHGJH 5(6(7��EHJLQ
LI��5(6(7��VKIWUHJ � ���
HOVH�EHJLQ
VKIWUHJ>�@�� �VKIWUHJ>�@�
VKIWUHJ>�@�� �VKIWUHJ>�@�
VKIWUHJ>�@�� �VKIWUHJ>�@�
VKIWUHJ>�@�� �VKIWUHJ>�@�
VKIWUHJ>�@�� �VKIWUHJ>�@�
VKIWUHJ>�@�� �VKIWUHJ>�@�
VKIWUHJ>�@�� �VKIWUHJ>�@�
VKIWUHJ>�@�� �',1�

HQG
HQG

DOZD\V�#�SRVHGJH 287&/.�RU�SRVHGJH 5(6(7��EHJLQ
LI��5(6(7��'287�� ���
HOVH��'287�� �VKIWUHJ�

HQG
HQGPRGXOH
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6KLIW�5HJLVWHUV�± 6HULDO�WR�3DUDOOHO
� $OWHUQDWH�)RUP�IRU�6KLIW�
5HJLVWHU�
± 0RYH�EORFNV�ZKHQ�
VKLIWLQJ�UDWKHU�WKDQ�ELWV�

PRGXOH�VHUWRSDU �'287�',1�,1&/.�287&/.�5(6(7��

LQSXW�',1��,1&/.��287&/.��5(6(7�
RXWSXW�>���@�'287�

UHJ >���@�'287��VKIWUHJ�

DOZD\V�#�SRVHGJH ,1&/.�RU�SRVHGJH 5(6(7��EHJLQ
LI��5(6(7���VKIWUHJ � ���
HOVH�EHJLQ
VKIWUHJ>���@�� �VKIWUHJ>���@�
VKIWUHJ>�@�� �',1�

HQG�
HQG
DOZD\V�#�SRVHGJH 287&/.�RU�SRVHGJH 5(6(7��EHJLQ
LI��5(6(7��'287�� ���
HOVH�'287�� �VKIWUHJ�

HQG

HQGPRGXOH
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6KLIW�5HJLVWHU�� 6HULDO�WR�3DUDOOHO
� 7HVWEHQFK

± :K\�LV�287&/.�
GHOD\HG�E\��PV"

CWLPHVFDOH��PV���XV
PRGXOH�WE�

UHJ ',1��,1&/.��287&/.��5(6(7�
LQWHJHU�L�
ZLUH�>���@�'287�

VHUWRSDU X���'287�',1�,1&/.�287&/.�5(6(7��

DOZD\V�����,1&/.� �a,1&/.�

LQLWLDO�EHJLQ
���
IRUHYHU�����287&/.� �a287&/.�

HQG

LQLWLDO�EHJLQ
^',1��,1&/.��287&/.��5(6(7`� ���
���5(6(7� ���
���5(6(7� ���
IRU��L� ����L���������L� �L������EHJLQ

#�QHJHGJH ,1&/.��',1� ��UDQGRP�
HQG
������ILQLVK�

HQG
HQGPRGXOH
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6KLIW�5HJLVWHUV�± 3DWWHUQ�'HWHFWLRQ
� 3$77(510$7&+�ZLOO�
JR�KLJK�ZKHQHYHU�WKH�
YDOXH�RI�WKH�VKLIW�UHJLVWHU�
PDWFKHV�WKH�3$77(51�
SDUDPHWHU�
± 8VH�FRQGLWLRQDO�
FRQVWUXFWV�WR�ILQG�SDWWHUQV�
LQ�'DWD�

PRGXOH�SDWWHUQ��3$77(510$7&+�',1�&/.�5(6(7��

LQSXW�',1��&/.��5(6(7�
RXWSXW�3$77(510$7&+�

SDUDPHWHU�3$77(51� ��
E���������

UHJ >���@�VKIWUHJ�

DVVLJQ�3$77(510$7&+� ��3$77(51�  �VKIWUHJ��"�������

DOZD\V�#�SRVHGJH &/.�RU�SRVHGJH 5(6(7��EHJLQ
LI��5(6(7��EHJLQ
VKIWUHJ � ���

HQG
HOVH�EHJLQ
VKIWUHJ>���@�� �VKIWUHJ>���@�
VKIWUHJ>�@�� �',1�

HQG�
HQG�

HQGPRGXOH
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6KLIW�5HJLVWHUV�± 3DWWHUQ�'HWHFWLRQ
� 7HVWEHQFK CWLPHVFDOH��PV���XV

PRGXOH�WE�
UHJ ',1��&/.��5(6(7�
LQWHJHU�L�

SDWWHUQ�X���3$77(510$7&+�',1�&/.�5(6(7��

DOZD\V�����&/.� �a&/.�

LQLWLDO�EHJLQ
^',1��&/.��5(6(7`� ���
���5(6(7� ���
���5(6(7� ���
UHSHDW�����EHJLQ

IRU��L� ����L�������L� �L������EHJLQ
#�QHJHGJH &/.��',1� ��UDQGRP�

HQG
�����
#�QHJHGJH &/.��',1� ���
#�QHJHGJH &/.��
#�QHJHGJH &/.��',1� ���
#�QHJHGJH &/.��
#�QHJHGJH &/.��',1� ���
#�QHJHGJH &/.��
#�QHJHGJH &/.��',1� ���
#�QHJHGJH &/.��

HQG
������ILQLVK�

HQG�
HQGPRGXOH
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6KLIW�5HJLVWHUV�± (OHPHQW�([WUDFWLRQ
� 'DWD�FDQ�EH�HPEHGGHG�LQ�
V\QFKURQL]DWLRQ�FRGH���

� )RU�([DPSOH���ELW�GDWD�
HPEHGGHG�LQ���V\QF�ELWV�
RI�OHDGLQJ�GDWD��DQG���
V\QF�ELWV�RI�WUDLOLQJ�GDWD�
± 'DWD�VWUHDP��
�����������������

PRGXOH�HOHPHQWH[WUDFW �'287�',1�&/.�5(6(7��

LQSXW�',1��&/.��5(6(7�
RXWSXW�>���@�'287�

UHJ >����@� VKIWUHJ�
UHJ >���@� '287�

SDUDPHWHU��OHDGLQJV\QF  ��
E������
SDUDPHWHU��WUDLOLQJV\QF  ��
E�����

DOZD\V�#�SRVHGJH &/.�RU�SRVHGJH 5(6(7��EHJLQ
LI��5(6(7��EHJLQ

'287�� ���
VKIWUHJ � ���

HQG
HOVH�EHJLQ

VKIWUHJ>����@�� �VKIWUHJ >����@�
VKIWUHJ>�@�� �',1�
LI���VKIWUHJ>�����@�  �OHDGLQJV\QF��	��VKIWUHJ>���@�  �WUDLOLQJV\QF��
'287� �VKIWUHJ>����@�
HOVH
'287� �
E]�

HQG
HQG

HQGPRGXOH

/HDGLQJ
6\QF�'DWD

'DWD 7UDLOLQJ
6\QF�'DWD
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6KLIW�5HJLVWHUV�± (OHPHQW�([WUDFWLRQ
� 7HVWEHQFK CWLPHVFDOH��PV���XV

PRGXOH�WE�

UHJ &/.��5(6(7��',1�
LQWHJHU�L�
ZLUH�>���@�'287�

�����OHDGLQJV\QF  ��
E��������WUDLOLQJV\QF  ��
E�����

HOHPHQWH[WUDFW X���'287�',1�&/.�5(6(7��

DOZD\V�����&/.� �a&/.�

LQLWLDO�EHJLQ
^5(6(7�&/.`� ���
���5(6(7� ���
���5(6(7� ���
UHSHDW������#�QHJHGJH &/.��',1� ��UDQGRP�
UHSHDW������EHJLQ

#�QHJHGJH &/.��',1� ���
#�QHJHGJH &/.��',1� ���
#�QHJHGJH &/.��',1� �����
#�QHJHGJH &/.��
#�QHJHGJH &/.��',1� ���
UHSHDW�����#�QHJHGJH &/.��',1� ��UDQGRP�
#�QHJHGJH &/.��',1� ���
#�QHJHGJH &/.��',1� ���
#�QHJHGJH &/.��
#�QHJHGJH &/.��',1� ���

HQG����UHSHDW�����
������VWRS��

HQG

HQGPRGXOH
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)LQLWH�6WDWH�0DFKLQHV
� )LQLWH�6WDWH�0DFKLQH�
(OHPHQWV�
± $�VWDWH�UHJLVWHU�LV�GHILQHG
± 6WDWHV�GHILQHG�DV�
3DUDPHWHUV�
� 1RW�QHFHVVDU\��EXW�PXFK�
HDVLHU�WR�UHDG�DQG�SURJUDP�

± 6WDWH�FKDQJHV�KDQGOHG�LQ�
FDVH�VWDWHPHQWV�

6WDWH�� 6WDWH��
,1�  ��

,1�  ��

PRGXOH�H[SOLFLWBIVP �287��&/.��,1��5(6(7��
LQSXW�&/.��,1��5(6(7
RXWSXW�287�
UHJ 67$7(��287�
SDUDPHWHU�VWDWH�� ���
SDUDPHWHU�VWDWH�� ���
DOZD\V�#�SRVHGJH &/.�RU�SRVHGJH 5(6(7�
LI��5(6(7�
^67$7(�287`�� ��¶E���

HOVH
FDVH��67$7(�
VWDWH����EHJLQ

287�� ���
LI��a,1���67$7(�� ���
HOVH�67$7(�� ���
HQG

VWDWH����EHJLQ
287�� �,1�
67$7(�� ���

HQG
GHIDXOW��^67$7(�287`�� ��¶E���

HQGFDVH
HQGPRGXOH
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)LQLWH�6WDWH�0DFKLQHV�± ([DPSOH��

� 6WDWH�'LDJUDP

,GOH
���

6WDWH��

6WDWH��

287�� ��
LI�,1��  ���RU�,1��  �����287�� ��
RWKHUZLVH��287�� ��

,1��  ��

,1�
�  �

�

,1��� ��

287�� ��
287�� ��

,1��� ��
287�� ��
287�� ��
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)LQLWH�6WDWH�0DFKLQHV�± ([DPSOH��
57/�&RGH

PRGXOH�IVP �287��287��&/.�,1��,1��5(6(7��

LQSXW�&/.��5(6(7��,1���,1��
RXWSXW�287��287��
UHJ 287���287��
UHJ >���@�FXUUHQWBVWDWH��QH[WBVWDWH�

SDUDPHWHU�LGOH� ���
SDUDPHWHU�VWDWH�� ���
SDUDPHWHU�VWDWH�� ���

DOZD\V�#��SRVHGJH &/.�RU�SRVHGJH 5(6(7�
LI��5(6(7�
FXUUHQWBVWDWH�� �LGOH�
HOVH
FXUUHQWBVWDWH�� �QH[WBVWDWH��

DOZD\V�#��FXUUHQWBVWDWH�RU�,1��RU�,1��EHJLQ

FDVH�FXUUHQWBVWDWH�

LGOH���EHJLQ
287�� ���
LI��,1��__�,1����287�� ���
HOVH�287�� ���
LI�,1��  �����QH[WBVWDWH� �VWDWH��
HOVH��QH[WBVWDWH� �LGOH�

HQG
VWDWH����EHJLQ
287�� �����287�� ���
LI�,1��  �����QH[WBVWDWH� �VWDWH��
HOVH�QH[WBVWDWH� �LGOH�

HQG
VWDWH����EHJLQ
287�� �����287�� ���
QH[WBVWDWH� �LGOH�

HQG
GHIDXOW���EHJLQ
287�� ��
E������287�� ��
E��
QH[WBVWDWH� �LGOH�

HQG
HQGFDVH
HQG

HQGPRGXOH

6RPH�GHVLJQHUV�ZLOO�H[SOLFLWO\�HQFRGH�WKHLU�VWDWH�YDULDEOHV�WR�DYRLG�JOLWFKHV��L�H��*UD\�FRGH�RU�2QH�+RW����2WKHUV�
ZLOO�DGG�V\QWKHVLV�FRQVWUDLQWV�WR�IRUFH�HQFRGLQJ��VXFK�DV�

�6\QRSV\V�'HVLJQ�&RPSLOHU�)60�(QFRGLQJ�&RQVWUDLQW
VHWBIVPBHQFRGLQJBVW\OH�RQHBKRW

$W�V\QWKHVLV��WKLV�ZRXOG�FKDQJH�WKH�VWDWH�HQFRGLQJ�WR��

LGOH� ��¶E����
VWDWH�� ��¶E����
VWDWH�� ��¶E����



��

9HULORJ�+'/��((���������&6����������± �������$0,6

)LQLWH�6WDWH�0DFKLQH�± ([DPSOH��
� 7UDIILF�/LJKW�&RQWUROOHU

± 6LPSOH�LQWHUVHFWLRQ�OLJKW�
ZLWK�(DVW�:HVW�DQG�
1RUWK�6RXWK�FRQWURO�
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)LQLWH�6WDWH�0DFKLQH�± ([DPSOH��
� 'HIDXOW��16*B(:5��LV�
1RUWK�6RXWK�OLJKW�JUHHQ��
(DVW�:HVW�OLJKW�UHG�

� /LJKW�ZLOO�FKDQJH�IURP�
JUHHQ�WR�\HOORZ�DIWHU����
VHFRQGV�

� /LJKW�ZLOO�UHPDLQ�\HOORZ�
IRU���VHFRQGV�

� %RWK�OLJKWV�ZLOO�EH�UHG�
IRU�WZR�VHFRQGV�

� ([WHUQDO�WLPHUV�ZLOO�EH�
FRQWUROOHG�E\�WKH�6WDWH�
0DFKLQH�

5(6(7

(:<B165

(:*B165

165B(:5

16<B(:5

16*B(:5

(:5B165

7,0(5��� ��

7,0(5�� ��

7,0(5�� ��7,0(5��� ��

16*5((1� ��
16<(//2:� ��
165('� ��

(:*5((1� ��
(:<(//2:� ��
(:5('� ��

7,0(5��67$57� ��
7,0(5�67$57� �
7,0(5�67$57� ��

16*5((1� ��
16<(//2:� ��
165('� ��

(:*5((1� ��
(:<(//2:� ��
(:5('� ��

7,0(5��67$57� ��
7,0(5�67$57� ��
7,0(5�67$57� ��

16*5((1� ��
16<(//2:� ��
165('� ��

(:*5((1� ��
(:<(//2:� ��
(:5('� ��

7,0(5��67$57� ��
7,0(5�67$57� ��
7,0(5�67$57� ��

16*5((1� ��
16<(//2:� ��
165('� ��

(:*5((1� ��
(:<(//2:� ��
(:5('� ��

7,0(5��67$57� ��
7,0(5�67$57� ��
7,0(5�67$57� ��

16*5((1� ��
16<(//2:� ��
165('� ��

(:*5((1� ��
(:<(//2:� ��
(:5('� ��

7,0(5��67$57� ��
7,0(5�67$57� ��
7,0(5�67$57� ��

7,0(5�� ��

16*5((1� ��
16<(//2:� ��
165('� ��

(:*5((1� ��
(:<(//2:� 
(:5('� ��

7,0(5��67$57� ��
7,0(5�67$57� ��
7,0(5�67$57� ��

7,0(5�� ��
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)LQLWH�6WDWH�0DFKLQH�± ([DPSOH��
PRGXOH�WUDIILFOLJKW �16*5((1��16<(//2:��165('��(:*5((1��������

(:<(//2:��(:5('��7,0(5��67$57�
7,0(5�67$57��7,0(5�67$57��&/.��5(6(7��
7,0(5����7,0(5���7,0(5���

LQSXW��&/.��5(6(7��7,0(5����7,0(5���7,0(5��
RXWSXW�16*5((1��16<(//2:��165('��(:*5((1��(:<(//2:�������

(:5('��7,0(5��67$57��7,0(5�67$57��7,0(5�67$57�
UHJ 16*5((1��16<(//2:��165('��(:*5((1��(:<(//2:�

(:5('���7,0(5��67$57��7,0(5�67$57��7,0(5�67$57�

UHJ >���@�67$7(��1(;767$7(�
SDUDPHWHU�16*B(:5� ���
SDUDPHWHU�16<B(:5� ���
SDUDPHWHU�165B(:5� ���
SDUDPHWHU�(:*B165� ���
SDUDPHWHU�(:<B165� ���
SDUDPHWHU�(:5B165� ���
DOZD\V�#�SRVHGJH &/.�RU�SRVHGJH 5(6(7��EHJLQ
LI��5(6(7��67$7(�� �VWDWH��
HOVH�67$7(�� �1(;767$7(�

HQG�

DOZD\V�#�7,0(5����7,0(5���7,0(5���67$7(��EHJLQ
FDVH��67$7(��
16*B(:5���EHJLQ
16*5((1� ���
16<(//2:� ���
165('� ���
(:*5((1� ���
(:<(//2:� ���
(:5('� ���
7,0(5��67$57� ���
7,0(5�67$57� ��
7,0(5�67$57� ���
LI��7,0(5���  ����1(;767$7(� �16<B(:5�
HOVH�1(;767$7(� �67$7(�

HQG
16<B(:5���EHJLQ
16*5((1� ���
16<(//2:� ���
165('� ���
(:*5((1� ���
(:<(//2:� ���
(:5('� ���
7,0(5��67$57� ���
7,0(5�67$57� ���
7,0(5�67$57� ���
LI��7,0(5��  ����1(;767$7(� �165B(:5�
HOVH�1(;767$7(� �67$7(�

HQG
165B(:5���EHJLQ�«
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)LQLWH�6WDWH�0DFKLQH�± ([DPSOH��
165B(:5���EHJLQ
16*5((1� ���
16<(//2:� ���
165('� ���
(:*5((1� ���
(:<(//2:� ���
(:5('� ���
7,0(5��67$57� ���
7,0(5�67$57� ���
7,0(5�67$57� ���
LI��7,0(5��  ����1(;767$7(� �(:*B165�
HOVH�1(;767$7(� �67$7(���HQG
(:*B165���EHJLQ
16*5((1� ���
16<(//2:� ���
165('� ���
(:*5((1� ���
(:<(//2:� ���
(:5('� ���
7,0(5��67$57� ���
7,0(5�67$57� ���
7,0(5�67$57� ����
LI��7,0(5���  ����1(;767$7(� �(:<B165�
HOVH�1(;767$7(� �67$7(����HQG
(:<B165���EHJLQ
16*5((1� ���
16<(//2:� ���
165('� ���
(:*5((1� ���
(:<(//2:� ���
(:5('� ���
7,0(5��67$57� ���
7,0(5�67$57� ���
7,0(5�67$57� ���
LI��7,0(5��  ����1(;767$7(� �(:5B165�
HOVH�1(;767$7(� �67$7(���HQG

(:5B165���EHJLQ
16*5((1� ���
16<(//2:� ���
165('� ���
(:*5((1� ���
1:<(//2:� ���
(:5('� ���
7,0(5��67$57� ���
7,0(5�67$57� ���
7,0(5�67$57� ���
LI��7,0(5��  ����1(;767$7(� �16*B(:5�
HOVH�1(;767$7(� �67$7(���HQG

GHIDXOW���EHJLQ
16*5((1� ���
16<(//2:� ���
165('� ���
(:*5((1� ���
(:<(//2:� ���
(:5('� ���
7,0(5��67$57� ���
7,0(5�67$57� ��
7,0(5�67$57� ���
1(;767$7(� �16*B(:5�
HQG
HQGFDVH
HQG
HQGPRGXOH
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)LQLWH�6WDWH�0DFKLQH�± ([DPSOH��
� 6\QWKHVLV�WRRO�VKRXOG�
UHFRJQL]H�WKH�VWDWH�
PDFKLQH�

=======================================

*           HDL Synthesis             *

=======================================

Synthesizing Unit <trafficlight>.

Related source file is trafficlight.v.

Found finite state machine <FSM_0> 

for signal <STATE>.

--------------------------------------

| States             | 6                                        

|

| Transitions        | 12                                       

|

| Inputs             | 3                                        

|

| Outputs            | 9                                        

|

| Reset type         | asynchronous                             

|

| Encoding           | automatic                                

|

| State register     | d  flip-flops                                  

|

--------------------------------------

Summary: 

inferred 1 Finite State Machine(s).

Unit <trafficlight> synthesized.

======================================
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